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REDUNDANT POWER SUPPLY SYSTEMS 
AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to co-pending US. patent 
application Ser. No. 12/491,773 entitled “Multiple Power 
Supply Control,” ?led on 25 Jun. 2009 by inventors Daniel 
Humphrey, Mohamed Amin Bemat, and Reynaldo P. Dom 
ingo, and oWned by the same assignee noW and at the time of 
invention. 

BACKGROUND OF THE INVENTION 

Description of the Related Art 

This section is intended to introduce the reader to various 
aspects of art Which may be related to one or more aspects of 
the present invention as described and claimed beloW. This 
discussion is believed helpful in providing the reader With 
background information, thereby facilitating a better under 
standing of various aspects of the present invention. Accord 
ingly, it should be understood by the reader that the provided 
information should be read in this light and not as an admis 
sion of any prior art. 

Redundant poWer supplies are often used Where high reli 
ability and nearly continuous availability of poWer is of pri 
mary importance. In such “mission critical” applications, it is 
not uncommon to have simultaneously online both a primary 
supply system and a redundant secondary supply system, 
With both systems capable of meeting the full demand pre 
sented by the load. While such a system provides signi?cant 
protection from unexpected poWer supply interruption, the 
requirement to continuously maintain tWice the required 
number of poWer supplies online signi?cantly impacts the 
overall energy ef?ciency of each poWer supply, since the 
ef?ciency of a poWer supply is generally proportionate to the 
overall demand placed upon the supply. In other Words, poWer 
supply ef?ciency, measured as a ratio of poWer supplied 
divided by poWer demand, tends to increase as the poWer 
demand increases. 
Dynamic poWer savings can be used to improve the overall 

energy ef?ciency of systems using redundant poWer supplies. 
With dynamic poWer savings, rather than requiring all of the 
primary and secondary poWer supplies continuously online, 
only the poWer supplies necessary to support the load demand 
are placed continuously online. By Way of an illustrative 
example, assume a system With a load having a maximum 
demand of 5,000 Watts (5 kW), ?ve (5) primary 1,000 Watt (1 
kW) poWer supplies, and ?ve secondary 1 kW poWer sup 
plies. Without dynamic poWer savings at a load demand of 3 
kW, all ten supplies (?ve primary supplies+?ve secondary 
supplies) Would continuously operate With each carrying 
approximately 10% (~300 Watts/each) of the load. With 
dynamic poWer savings, at a load demand of 3 kW, only six 
supplies (three primary supplies+three secondary supplies) 
Would continuously operate, each carrying approximately 
17% (~500 Watts/each) of the load. Thus, dynamic poWer 
savings generally increases overall system ef?ciency by 
increasing the load present on each of the independent poWer 
supplies comprising the system. 

SUMMARY OF THE INVENTION 

A redundant poWer supply method is provided. The 
method includes communicatively coupling a load to a ?rst 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
source via a plurality of ?rst poWer supplies and to a second 
source via a plurality of second poWer supplies. The method 
further includes bi-directionally communicatively coupling a 
controller to the plurality of ?rst poWer supplies and to the 
plurality of second poWer supplies. The method includes 
activating a ?rst portion of the plurality of ?rst poWer supplies 
to supply poWer to the load, Wherein the controller determines 
the number (“N”) of ?rst poWer supplies activated, and acti 
vating at least one of the plurality of second poWer supplies to 
supply poWer to the load. The method also includes monitor 
ing for at least one fault condition in each of the active ?rst 
poWer supplies and in each of the active second poWer sup 
plies. 
A redundant poWer supply system is also provided. The 

system can include a load suitable for providing a variable 
demand, at least one of a plurality of ?rst poWer supplies 
communicatively coupling a ?rst source to the load, at least 
one of a plurality of second poWer supplies communicatively 
coupling a second source to the load, and at least one control 
ler bi-directionally communicatively coupled to at least a 
portion of said ?rst and at least a portion of said second poWer 
supplies. The controller can be adapted to activate and deac 
tivate at least a portion of the plurality of ?rst poWer supplies 
in response to changes the variable demand presented by the 
load. The controller can also be adapted to monitor for at least 
one failure mode for at least a portion of the plurality of ?rst 
poWer supplies and at least a portion of the second poWer 
supplies. 
Another redundant poWer supply method is also provided. 

The method can include communicatively coupling a ?rst 
source to a plurality of ?rst poWer supplies, communicatively 
coupling a second source to a plurality of second poWer 
supplies, and communicatively coupling at least one control 
ler to the plurality of ?rst poWer supplies and the plurality of 
second poWer supplies. The communicative coupling 
betWeen each of the ?rst poWer supplies, each of the second 
poWer supplies, and the at least one controller can include: a 
poWer supply input failure signal; a poWer supply output 
failure signal; a poWer supply activation signal, adapted to 
transition the poWer supply from a deactivated state to an 
activated state; and a poWer supply deactivation signal, 
adapted to transition the poWer supply from an activated state 
to a deactivated state. The method can also include monitor 
ing, via the controller, for a poWer supply input failure signal 
or a poWer supply output failure signal from each of the ?rst 
poWer supplies and each of the second poWer supplies. The 
method includes having the controller respond to the receipt 
of a poWer supply input failure signal from at least one ?rst 
poWer supply by transmitting a poWer supply activation sig 
nal to at least a portion of the plurality of second poWer 
supplies, and transmitting a poWer supply deactivation signal 
to the plurality of ?rst poWer supplies. The method further 
includes having the controller respond to the receipt of a 
poWer supply output failure signal from at least one ?rst 
poWer supply by transmitting a poWer supply activation sig 
nal to at least a portion of the plurality of second poWer 
supplies and transmitting a poWer supply deactivation signal 
to the at least one ?rst poWer supply generating the poWer 
supply output failure signal. 
As used herein, the term “poWer supply” and the plural 

“poWer supplies” can refer to any device, system, or combi 
nation of systems and/or devices suitable for the conversion 
of a poWer input to one or more desired poWer outputs. Such 
conversion process can include one or more of the folloWing 
services on the poWer input, poWer output, or both poWer 
input and poWer output characteristics: AC-to-DC recti?ca 
tion, voltage regulation, current regulation, overcurrent pro 
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tection, current ?ltering, frequency shifting, frequency ?lter 
ing, frequency regulation, and voltage ?ltering. A non 
limiting, exemplary, power supply can be found inside of a 
personal computer. Such a poWer supply can be used to con 
vert 120 or 220 volt household alternating current to 12 volt 
direct current, 5 volt direct current, and 3 .3 volt direct current 
for use by various components disposed Within the comput 
ing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited features can 
be understood in detail, a more particular detailed descrip 
tion, brie?y summarized above, may be had by reference to 
one or more exemplary embodiments, some of Which are 
illustrated in the appended draWings. It is to be noted, hoW 
ever, that the appended draWings illustrate only typical 
embodiments and therefore should not be considered or con 
strued as limiting of its scope, for other equally effective 
embodiments as claimed herein may exist. 

Advantages of one or more disclosed embodiments may 
become apparent upon reading the folloWing detailed 
description and upon reference to the draWings in Which: 

FIG. 1 depicts an illustrative redundant poWer supply sys 
tem, according to one or more embodiments described herein; 

FIG. 2 depicts an illustrative logic ?oW diagram for an 
exemplary redundant poWer supply system, according to one 
or more embodiments described herein; 

FIG. 3 depicts an illustrative timing diagram for an exem 
plary redundant poWer supply system, according to one or 
more embodiments described herein; 

FIG. 4 depicts an illustrative N+l redundant poWer supply 
system With an illustrative output fault, according to one or 
more embodiments described herein; 

FIG. 4A depicts the illustrative N+l redundant poWer sup 
ply system depicted in FIG. 4 responding to a poWer supply 
output failure, according to one or more embodiments 
described herein; 

FIG. 5 depicts an illustrative N+l redundant poWer supply 
system With an illustrative source failure, according to one or 
more embodiments described herein; and 

FIG. 5A depicts the illustrative N+l redundant poWer sup 
ply system depicted in FIG. 5 responding to the source failure, 
according to one or more embodiments described herein. 

DETAILED DESCRIPTION 

FIG. 1 depicts an illustrative redundant poWer supply sys 
tem 100, according to one or more embodiments. The redun 
dant poWer supply system 100 can include, but is not limited 
to, a load 110 communicatively coupled to a ?rst source 120 
via one or more ?rst poWer supplies 130, and communica 
tively coupled to a second source 140 via one or more second 
poWer supplies 150.Although not depicted in FIG. 1, in one or 
more embodiments, the ?rst source 120 can be the same as the 
second source 140. The redundant poWer supply system 100 
can also include a controller 160 having one or more signal 
outputs (tWo are depicted in FIG. 1, 170 and 180) and one or 
more signal inputs (three are depicted in FIG. 1, 165, 175, and 
185). 

Although the redundant poWer supply system 100 Will be 
discussed Within the context of an electronic computing 
device, it should be noted that similar embodiments can also 
include virtually any electrically poWered load 110 having 
poWer provided using one or more ?rst poWer supplies 130 
and one or more second poWer supplies 150. 
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4 
The load 110 can include any system, device, or any com 

bination of systems and/or devices requiring electrical poWer. 
In one or more embodiments, the load 110 can be a computing 
device requiring a high degree of reliability and near continu 
ous up-time, for example a desktop computer, computer 
Workstation, or rack mounted server. In one or more embodi 
ments, the load 110 can have one or more poWer require 
ments, for example, the load 110 can have a ?rst class of 
devices operating at a loW voltage, a second class of devices 
operating at an intermediate voltage, and a third class of 
devices operating at a high voltage. In one or more speci?c 
embodiments, the load 110 can include one or more rack 
mounted servers having a ?rst class of devices operating at a 
loW voltage, for example a personal computer interface 
(“PCI”) card, an advanced graphics port (“AGP”) card, a 
central processing unit (“CPU”), or a dual in-line memory 
module (“DIMM”) operating at 3.3 volts DC; a second class 
of devices operating at an intermediate voltage, for example a 
personal computer interface (“PCI”) card, an advanced 
graphics port (“AGP”) card, a central processing unit 
(“CPU”), or a dual in-line memory module (“DIMM”) oper 
ating at 5 volts DC; and a third class of devices operating at a 
high voltage, for example a hard disk drive (“HDD”) or simi 
lar storage media operating at 12 volts DC. 
The load 110 can be a ?xed or variable demand load. A 

?xed demand load can provide a substantially constant poWer 
demand, Whereas the poWer demand for a variable demand 
load can ?uctuate over time as processes Within the load are 
initiated or halted. The load 110 can be an alternating current 
(“AC”) load, a direct current (“DC”) load, or any combination 
thereof. The load 110 can have any poWer demand, for 
example the load 110 can have a poWer demand of about 100 
W or more; about 1,000 W or more; about 2,000 W or more; 
about 5,000 W or more; or about 10,000 W or more. The load 
can draW poWer from a plurality of poWer sources, for 
example a ?rst source 120 and a second source 140. 
The ?rst source 120 can include any system, device or 

combination of systems and/or devices suitable for providing 
electrical poWer. In mo st instances, the poWer provided by the 
?rst source 120 may not be of suitable voltage or Waveform 
for use by the load 110, therefore the poWer supplied by the 
?rst source 120 can be introduced to one or more ?rst poWer 

supplies 130, for conversion to a voltage and/or Waveform 
suitable for consumption or use by the load 110. In one or 
more embodiments, the ?rst source 120 can be a commercial 
electrical distribution grid operating at one or more standard 
voltages, for example a 120 VAC (single phase) or 240 VAC 
(multi-phase) distribution system found in some residential, 
commercial, and industrial data centers. In one or more 
embodiments, all or a portion of the ?rst source 120 can be 
provided using uninterruptible poWer supply, for example a 
poWer supply backed by a generator or other energy storage or 
energy producing device. 

Similar to the ?rst source 120, the second source 140 can 
include one or more systems, devices or any combination of 
systems and/ or devices suitable for providing electrical 
poWer. In most instances, the poWer provided by the second 
source 140 may not be of suitable voltage or Waveform for 
direct use by the load 1 10, therefore the poWer supplied by the 
second source 140 can be introduced to one or more second 

poWer supplies 150, for conversion to a voltage and/or Wave 
form suitable for consumption or use by the load 110. In one 
or more embodiments, the second source 140 can be a com 

mercial electrical distribution grid operating at one or more 
standard voltages, for example a 120 VAC (single phase) or 
240 VAC (multi-phase) distribution system found in some 
residential, commercial, and industrial data centers. In one or 
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more embodiments, all or a portion of the second source 140 
can be provided using uninterruptible poWer supply, for 
example a poWer supply backed by a generator or other 
energy storage or energy producing device. 

In one or more speci?c embodiments, the ?rst source 120 
and the second source 140 can share a common poWer source, 
for example the ?rst source 120 can be a ?rst tap and the 
second source 140 can be a second tap off a common feed bus. 
In one or more speci?c embodiments, the ?rst source 120 can 
be a poWer source independent from the second source 140, 
for example the ?rst source 120 can be tapped off a ?rst feed 
bus and the second source 140 can be tapped off an indepen 
dent second feed bus. In one or more speci?c embodiments, 
either, or both, the ?rst source 120 and/or the second source 
140 can be at least partially backed With one or more standby 
poWer sources, for example an uninterruptible poWer supply 
or a generator. 

The ?rst source 120 can be coupled to one or more ?rst 
poWer supplies 130 via one or more conduits 125. The one or 
more ?rst poWer supplies 130 can be coupled to the load via 
one or more conduits 135. Each of the one or more ?rst poWer 

supplies 130 can include, but is not limited to, a system that 
can perform one or more functions, for example adjusting the 
voltage of the poWer supplied by the ?rst source 120; adjust 
ing the Waveform of the poWer supplied by the ?rst source 
120, ?ltering one or more frequencies or frequency bands 
from the poWer supplied by the ?rst source 120; and condi 
tioning the poWer supplied by the ?rst source 120. 

The second source 140 can likeWise be coupled to one or 
more second poWer supplies 150 using one or more conduits 
145. The one or more second poWer supplies 140 can, in turn, 
be coupled to the load 110 using one or more conduits 155. 
Each of the one or more second poWer supplies 150 can 
include, but is not limited to, a system that can perform one or 
more functions, for example adjusting the voltage of the 
poWer supplied by the second source 140; adjusting the Wave 
form of the poWer supplied by the second source 140, ?ltering 
one or more frequencies or frequency bands from the poWer 
supplied by the second source 140; and conditioning the 
poWer supplied by the second source 140. 
As used herein, the term “couple” or “coupled” can refer to 

any form of direct, indirect, optical or Wireless electrical 
connection. The electrical connection can, in one or more 

embodiments, include, but is not limited to any electrically 
conductive or magnetically inductive connection linking tWo 
or more devices. The connection can be electrically conduc 
tive, for example using one or more conductors such as cop 
per or aluminum Wire, conductive strips on a printed circuit 
board, or the like to connect tWo or more components. The 
connection can be magnetically inductive, for example, 
stimulating the How of current from a transformer secondary 
coil by passing a current through a primary coil inductively 
coupled to the secondary coil. The connection can be electro 
magnetic for example by controlling current ?oW through a 
relay contact via an independent relay coil such that passage 
of a current through the relay coil can magnetically open and 
close the relay contact. 
As used herein, the terms “conduit” and the plural “con 

duits” can refer to any system or device suitable for sustaining 
the How of electrical energy therethrough. In one or more 
embodiments, the term “conduit” can refer to any Wired or 
Wireless means for transmission of electrical energy at any 
voltage or current. In one or more speci?c embodiments, the 
term “conduit” can refer to one or more solid or holloW 

conductors formed using one or more conductive or super 
conductive materials, including, but not limited to copper, 
copper alloys, aluminum, aluminum alloys, nickel, nickel 
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6 
alloys, gold, gold alloys, silver, silver alloys, cuprate-perovs 
kite ceramics (“high temperature superconductors”), or any 
combination thereof. In one or more embodiments, the term 
“conduit” can refer to conductors printed or otherWise depos 
ited, layered, soldered, or disposed on single or multi-layer 
printed circuit boards. 

In one or more embodiments, the capacity of each of the 
poWer supplies providing the one or more ?rst poWer supplies 
130 and one or more second poWer supplies 150 may be 
individually insu?icient to meet the peak poWer demand of 
the load 110, for example, each of the poWer supplies might 
be rated for a maximum poWer output of about 1,000 Watts (1 
kW), Where the load may have a peak demand of 5,000 Watts 
(5 kW). To accommodate the peak demand of the load 110, 
multiple ?rst poWer supplies 130 can be operatively coupled, 
for example, to accommodate a load having a peak demand of 
5 kW, a total of ?ve 1 kW poWer supplies 130 can be opera 
tively coupled inparallel. Where multiple ?rst poWer supplies 
130 are connected in parallel to meet the peak demand of the 
load 110, the total number of ?rst poWer supplies can be 
referred to by the letter “N,” so for the preceding example, 
N:5. Similarly, multiple second poWer supplies 150 can be 
operatively coupled to meet the peak demand of the load 110. 
Such an arrangement, Where “N” ?rst poWer supplies 130 and 
“N” second poWer supplies are coupled to the load 110 can be 
referred to as an “N+N” arrangement. 
The controller 160 can be communicatively coupled to the 

load 110 via one or more conduits 185, at least a portion of the 
one or more ?rst poWer supplies 130 via one or more conduits 

165, 170, and at least a portion of the second poWer supplies 
150 via one or more conduits 175, 180. In one or more 

embodiments, the controller 160 can continuously or inter 
mittently monitor one or more load 110 parameters. In one or 

more speci?c embodiments, the controller 160 can continu 
ously or intermittently monitor the poWer demand of the load 
110. In response to the changing poWer demand of the load 
110, the controller 160 can variously activate or deactivate all 
or a portion of the one or more ?rst poWer supplies 130. For 
example, When the poWer demand exerted by the load 110 
increases, the controller can sense the increase via one or 
more signals transmitted via the conduit 185. In response, the 
controller 160 can activate one or more ?rst poWer supplies 
130 via one or more activation signals transmitted to the 
respective ?rst poWer supplies 130 via the conduit 170. 
As used herein, the terms “activate,” “activation,” and 

“activated” refer to any process or method by Which a poWer 
supply can commence or otherWise initiate poWer output. The 
poWer output of the poWer supply, When activated, can range 
from about 0% to about 100% of the rated poWer supply 
output capacity. 
As used herein, the terms “deactivate,” “deactivation,” and 

“deactivated” refer to any process or method by Which a 
poWer supply can halt the or otherWise terminate poWer out 
put. The poWer output of the poWer supply, When deactivated, 
can be about 0% of the rated poWer supply output capacity. 
Deactivation can occur through interruption of the poWer 
input and/ or poWer output using a mechanical, electrical, 
electro-mechanical, or semiconductor sWitching device. In 
one or more embodiments, deactivation can occur through 
interruption of one or more systems or controls Within the 
poWer supply. 

In one or more embodiments, one or more signals indicat 
ing the status of each of the one or more ?rst poWer supplies 
130 can be transmitted to the controller 160 via the conduit 
165. Similarly, one or more signals indicating the status of 
each of the one or more second poWer supplies 150 can be 
transmitted to the controller 160 via the conduit 175. The one 
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or more signals transmitted or otherwise communicated to the 
controller 160 via the conduits 165 and 175 can include, but 
are not limited to, one or more signals indicating the status of 
the input to each poWer supply, i.e. indicating a potential 
source failure; the status of the output from each poWer sup 
ply, i.e. indicating a potential poWer supply failure; and/ or the 
performance of one or more internal devices, systems and/or 
controls Within the poWer supply. 
Where an “N+N” redundancy is being used, the controller 

160 can also activate a similar number of second poWer sup 
plies 150 via one or more activation signals transmitted to all 
or a portion of the second poWer supplies 150 via the conduit 
180. In one or more embodiments, the controller can deacti 
vate one or more ?rst poWer supplies 130 and one or more 

second poWer supplies 150 via one or more deactivation 
signals transmitted to all or a portion of the second poWer 
supplies 150 via the conduit 180. Transmission of one or more 
deactivation signals can be, for example, in response to a 
decrease in the poWer demand of the load 110 as measured by 
the controller 160. 

Using an “N+N” redundant poWer supply arrangement, 
Where a su?icient number of ?rst poWer supplies 130, i.e. “N” 
?rst poWer supplies 130, and a like number of second poWer 
supplies 150, i.e. “N” second poWer supplies 150, are 
required to be active to provide redundancy. Such an arrange 
ment effectively halves the load carried by each active ?rst 
and second poWer supply. For example, assuming a 10 kW 
maximum load 110 and 2 kW poWer supplies, ?ve ?rst poWer 
supplies 130 and ?ve second poWer supplies 150 Would be 
required to achieve N+N redundancy. At a poWer demand of 
8 kW, four ?rst poWer supplies and all four second poWer 
supplies Would be active, each poWer supply operating at 
approximately 50% load. 

In one or more speci?c embodiments, an “N+l” redun 
dancy scheme can provide a reliable poWer supply to the load 
110. Using an “N+l” redundancy scheme the controller 160 
can activate the number of ?rst poWer supplies 130 necessary 
to support the load 110, i.e. “N” ?rst poWer supplies 130, and 
only one second poWer supply 150. At a poWer demand of 8 
kW, the controller can activate four 2 kW ?rst poWer supplies 
130 and one 2 kW second poWer supply 150. With only ?ve 
poWer supplies activated, eachpoWer supply Will noW operate 
at approximately 80% load (8 kW (load)/l0 kW (5x2 kW 
active poWer supplies). Thus, an N+l arrangement can sig 
ni?cantly increase the load of each active poWer supply 
coupled to the load 110. Since overall ef?ciency increase of 
each poWer supply can be proportionate to the load placed 
upon the poWer supply, ?ve poWer supplies operating at 80% 
load Will generally operate more ef?ciently than eight poWer 
supplies operating at 50% load, even though the total poWer 
delivered to the load 110 remains the same. 

FIG. 2 depicts an illustrative logic ?oW diagram 200 for an 
exemplary redundant poWer supply system, according to one 
or more embodiments. The logic ?oW diagram 200 illustrates 
an exemplary method for providing redundancy using an N+ 1 
power supply arrangement. In such an arrangement, the 
required number of ?rst poWer supplies 130 and the required 
number of second poWer supplies 150 can be determined by 
the peak demand of the attached load 110. The controller 160 
can be communicatively coupled to the load 110 and to each 
of the ?rst poWer supplies 130 and the second poWer supplies 
150. The controller 160 can monitor one or more load param 
eters via signals transmitted via conduit 185, one or more ?rst 
poWer supply 130 parameters via signals transmitted via con 
duit 165, and one or more second poWer supply 150 param 
eters via signals transmitted via conduit 175. The controller 
160 can activate and deactivate each of the ?rst poWer sup 
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8 
plies 130 via one or more activation or deactivation signals 
transmitted via conduit 170, and each of the second poWer 
supplies 150 via one or more activation or deactivation sig 
nals transmitted via conduit 180. 
The method 200 can begin at 203 With the controller 160 

determining the load 110 poWer demand. Based on the poWer 
demand ofthe load 110, at 206, the controller 160 can trans 
mit or otherWise communicate one or more activation signals 
to an appropriate number of ?rst poWer supplies 130 via 
conduit 170. For example, if the load 110 communicates or 
otherWise transmits a poWer demand of 6 kW to the controller 
160, the controller 160 Would activate a total of three 2 kW 
rated ?rst poWer supplies 130 to supply su?icient poWer to the 
load. 
At 209 the controller 160 can communicate or otherWise 

transmit one or more deactivation signals to any ?rst poWer 
supplies 130 not activated at 206. At 212 the controller 160 
can communicate or otherWise transmit one or more activa 

tion signals to a single second poWer supply 150. At 215 the 
controller 160 can communicate or otherWise transmit one or 

more deactivation signals to any second poWer supplies 150 
not activated at 212. After the controller 160 activates the 
appropriate number of ?rst poWer supplies 130 and one sec 
ond poWer supply 150, an “N+l” poWer supply arrangement 
can be established. After establishing the “N+l” poWer sup 
ply arrangement, the controller 160 can monitor for one or 
more system failures, for example a failure of the ?rst or 
second sources 120, 140 or a failure of one or more ?rst or 

second poWer supplies 130, 150. 
At 218 the controller 160 can determine Whether a ?rst 

source 120 failure has occurred. The failure of the ?rst source 
120 can include any number of failure modes, for example: a 
complete loss of voltage, current, and/or frequency, or a 
deviation any parameter outside of pre-established limits 
exceeding a pre-determined temporal threshold. For 
example, a ?rst source 120 failure can include, but is not 
limited to, voltage sag, voltage spike, frequency shift, or a 
complete failure of the ?rst source 120. In one or more 

embodiments, if a ?rst source 120 failure has occurred, the 
controller 160 can communicate or otherWise transmit one or 

more activation signals to transition N-l deactivated second 
poWer supplies 150 to an active state. 

In the event of a ?rst source 120 failure, the controller 160 
can transmit one or more activation signals to the second 
poWer supply at 221. Upon receipt of the one or more activa 
tion signals by the second poWer supply 150, the output 
voltage of the second poWer supply 150 can begin to increase 
or “ramp-up.” In one or more embodiments, the transition 
from the ?rst source 120 to the second source 140 can be 
transparent to the load 110 When the “ramp-up” time of the 
second poWer supply 150 is less than or equal to the “run 
doWn” or “Wind-down” time of the failed ?rst poWer supply 
130. The concepts of “run-down” and “ramp-up” are dis 
cussed in greater detail in FIG. 3 Which depicts an illustrative 
timing diagram 300 for an exemplary redundant poWer sup 
ply system, according to one or more embodiments. The 
timing diagram 300 depicts an exemplary temporal relation 
ship betWeen the “run-down” time 310 of an illustrative ?rst 
poWer supply 130 and the “ramp-up” time 320 of an illustra 
tive second poWer supply 150. 

In one or more embodiments, the input voltage 340 sup 
plied to the ?rst poWer supply 130 by the ?rst source 120 can 
drop to an unacceptable level at time t1, for example the input 
voltage 340 can drop to about Zero (0) volts. When the ?rst 
source 120 voltage is removed, the output voltage 350 of the 
?rst poWer supply 130 can begin to decay at time t1. The 
output voltage 350 of the ?rst poWer supply 130 can drop to an 
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unacceptable level, i.e. a level insuf?cient to support the 
operation of the load 110, at or after time t2. 
Upon receiving one or more signals indicating the failure 

of the ?rst source 120, the controller 160 can provide one or 
more activation signals 360 to the secondpoWer supply 150 at 
time t1. The input voltage 370 supplied to the second poWer 
supply 150 can be maintained at an acceptable operating 
level, for example 120 VAC or 240 VAC at all times. The 
output voltage 380 of the second poWer supply 150 can begin 
to increase upon receipt of the activation signal from the 
controller 160 at time t1. The output voltage 380 of the second 
poWer supply 150 can reach an acceptable level, i.e. a level 
suf?cient to support the operation of the load 110, at or before 
time t2. The input voltage 390 to the load 110 remains at an 
acceptable level throughout the transition from the ?rst poWer 
supply 130 to the second poWer supply 150 When the “ramp 
up” time 320 of the second poWer supply 150 is less than or 
equal to the “run-down” time 310 of the ?rst poWer supply 
130. 

Referring back to FIG. 2, if a ?rst source 120 failure is not 
detected at 218, the controller can determine Whether an 
output failure has occurred on the ?rst poWer supply 130 at 
230. Upon detecting a ?rst poWer supply 130 output failure at 
230, the controller can determine Whether one or more deac 
tivated ?rst poWer supplies 130 are available at 233. If at least 
one deactivated ?rst poWer supply 130 is available, the con 
troller 160 can transmit or otherWise communicate one or 

more activation signals to at least one deactivated ?rst poWer 
supply 130 at 236. At 239, the deactivated ?rst poWer supply 
can transition to the active state. In this instance, the load 110 
continues to receive adequate poWer at all times since the 
single active second poWer supply 150 (ref. at 212) can tem 
porarily replace the failed ?rst poWer supply 130 While the 
controller 160 transitions one or more deactivated ?rst poWer 
supplies 130 to an active state at 233 and 236. 

If at least one deactivated ?rst poWer supply 130 is not 
available at 233, the controller 160 can transmit or otherWise 
communicate one or more activation signals to at least one 

deactivated second poWer supply 150 at 245. At 248, the 
deactivated second poWer supply 150 can transition to the 
active state. In this instance, the load 110 continues to receive 
adequate poWer at all times since the single active second 
poWer supply 150 (ref. at 212) can temporarily replace the 
failed ?rst poWer supply 130 While the controller 160 transi 
tions one or more deactivated second poWer supplies 150 to 
an active state at 245 and 248. 

If a ?rst source 120 failure is not detected at 218, the 
controller can determine Whether an output failure has 
occurred on the second poWer supply 130 at 260. If a second 
poWer supply 150 output failure is detected by the controller 
at 260, the controller can determine Whether one or more 
deactivated second poWer supplies 150 are available at 263. If 
at least one deactivated second poWer supply 150 is available, 
the controller 160 can transmit or otherWise communicate 
one or more activation signals to at least one deactivated 
second poWer supply 150 at 263. At 266, the deactivated 
second poWer supply 150 can transition to the active state. In 
this instance, the load 110 continues to receive adequate 
poWer at all times since the ?rst poWer supply 130 (ref. 206) 
can temporarily provide adequate poWer to the load While the 
controller 160 transitions one or more deactivated second 

poWer supplies 150 to an active state at 263 and 266. 
FIG. 4 depicts an illustrative “N+1” redundant poWer sup 

ply system 400, according to one or more embodiments. FIG. 
4A depicts the illustrative “N+l” redundant poWer supply 
system 400 depicted in FIG. 4 responding to ?rst poWer 
supply 130B output failure, according to one or more embodi 
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1 0 
ments. FIGS. 4 and 4A depict three ?rst poWer supplies 130A, 
130B, and 130C, each having a capacity of “C” and three 
second poWer supplies 150A, 150B, and 150C, each also 
having a capacity of “C” coupled to a load 110 having a 
maximum poWer demand of “3C.” Using an “N+l” redun 
dancy arrangement, and assuming dynamic poWer savings 
are employed, When the load 110 is operating at a poWer 
demand of “2C,” tWo ?rst poWer supplies 130A and 130B and 
one second poWer supply 150A can be activated. Under the 
“N+l” redundancy arrangement depicted in FIGS. 4, one ?rst 
poWer supply 130C and tWo second poWer supplies 150B and 
150C can be maintained in a deactivated state by the control 

ler 160 (not shoWn). 
The controller 160 can detect the failure of ?rst poWer 

supply 130B via one or more signals transmitted or otherWise 
communicated via the conduit 165. In response to the failure, 
the controller 160 can transmit or otherWise communicate 
one or more activation signals to the deactivated ?rst poWer 
supply 130C via the conduit 170. As depicted in FIG. 4A, the 
poWer supplied to the load 110 remains su?icient at all times, 
supplied by the ?rst poWer supply 13 0A and the second poWer 
supply 150A. After the output voltage of the ?rst poWer 
supply 130C reaches a level su?icient to poWer the load 110 
(i.e. completes “ramping-up”), the system 400 again can 
operate under an “N+l” redundancy arrangement. 

FIG. 5 depicts an illustrative “N+l” redundant poWer sup 
ply system 500 With an illustrative ?rst source 120 failure, 
according to one or more embodiments. FIG. 5A depicts the 
illustrative “N+l” redundant poWer supply system 500 
depicted in FIG. 5 responding to the ?rst source 120 failure, 
according to one or more embodiments. FIGS. 5 and 5A 
depict three ?rst poWer supplies 130A, 130B, and 130C, each 
having a capacity of “C” and three second poWer supplies 
150A, 150B, and 150C, each also having a capacity of “C” 
coupled to a load 110 having a maximum poWer demand of 
“3C.” Using an “N+l” redundancy arrangement, and assum 
ing dynamic poWer savings are employed, When the load 110 
is operating at a poWer demand of “2C,” tWo ?rst poWer 
supplies 130A and 130B and one second poWer supply 150A 
can be activated by the controller 160. Under the “N+l” 
redundancy arrangement depicted in FIG. 5, one ?rst poWer 
supply 130C and tWo second poWer supplies 150B and 150C 
can be deactivated by the controller 160 (not shoWn). 
Upon an unacceptable ?uctuation in one or more param 

eters in the ?rst source 120, eg unacceptable voltage, cur 
rent, or frequency deviations, one or more signals Will be 
transmitted or otherWise communicated from the ?rst poWer 
supplies 130A and 130B to the controller 160. Referring to 
FIG. 5A, upon loss of the ?rst source 120, the ?rst poWer 
supplies 130A and 130B Will begin to ramp doWn. The con 
troller 160 can transmit or otherWise communicate one or 

more activation signals to the deactivated second poWer sup 
plies 150B and 150C. The second poWer supplies 150B and 
150C can “ramp up” While the ?rst poWer supplies 130A and 
130B are “ramping doWn” due to the failure of the ?rst source 
120. 
As previously discussed in detail With regards to FIGS. 2 

and 3, as depicted in FIG. 5A, the poWer supplied to the load 
110 remains su?icient at all times, supplied by the ?rst poWer 
supplies 130A and 130B and second poWer supplies 150B 
and 150C as the ?rst poWer supplies 130A, 130B are “run 
ning-doWn” and the second poWer supplies 150B, 150C are 
“ramping-up.” After the ?rst poWer supplies 130A and 130B 
complete their run-doWn, the poWer supplied to the load 110 
can be completely supplied by the second poWer supplies 
150A, 150B, and 150C. 
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Certain embodiments and features have been described 
above using one or more sets of numerical limits. It should be 
appreciated that ranges from any loWer limit to any upper 
limit are contemplated unless otherwise indicated. Certain 
loWer limits, upper limits and ranges appear in one or more 
claims beloW. All numerical values are “about” or “approxi 
mately” the indicated value, and take into account experimen 
tal error and variations that Would be expected by a person 
having ordinary skill in the art. 

Various terms have been de?ned above. To the extent a 
term used in a claim is not de?ned above, it should be given 
the broadest de?nition persons in the pertinent art have given 
that term as re?ected in at least one printed publication or 
issued patent. All patents, patent applications, articles, books, 
speci?cations, other publications, documents and things ref 
erenced herein are hereby incorporated herein by this refer 
ence in their entirety for all purposes. To the extent of any 
inconsistency or con?ict in the de?nition or use of a term 
betWeen any of the incorporated publications, documents or 
things and the text of the present document, the de?nition or 
use of the term in the present document shall prevail. 

While the foregoing is directed to embodiments of the 
present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 
What is claimed is: 
1. A poWer supply method, comprising: 
communicatively coupling a load to a ?rst source via a 

plurality of ?rst poWer supplies; 
communicatively coupling the load to a second source via 

a plurality of second poWer supplies; 
bidirectionally communicatively coupling a controller to 

the plurality of ?rst poWer supplies and to the plurality of 
second poWer supplies; 

activating, via the controller, a ?rst portion of the plurality 
of ?rst poWer supplies to supply poWer to the load, 
Wherein the controller determines the number (“N”) of 
?rst poWer supplies activated; 

activating, via the controller, at least one of the plurality of 
second poWer supplies to supply poWer to the load; 

monitoring, via the controller, for at least one fault condi 
tion in each of the active ?rst poWer supplies; and 

monitoring, via the controller, for at least one fault condi 
tion in each of the active second poWer supplies. 

2. The method of claim 1, further comprising: 
transmitting a signal comprising an input fault signal, from 

one or more ?rst poWer supplies to the controller; 
transmitting at least one activation signal from the control 

ler to at least N-l deactivated second poWer supplies; 
transitioning the at least N-l second poWer supplies from 

the deactivated state to the active state. 
3. The method of claim 2 Wherein each of the poWer sup 

plies forrning the plurality of ?rst poWer supplies and each of 
the poWer supplies forming the plurality of second poWer 
supplies has an activation to deactivation (“run-down”) tran 
sition time; 

Wherein each of the poWer supplies forming the plurality of 
?rst poWer supplies and each of the poWer supplies 
forming the plurality of second poWer supplies has a 
deactivation to activation (“ramp-up”) transition time; 

Wherein the ramp-up transition time is less than or equal to 
the run-doWn transition time. 

4. The method of claim 1, further comprising: 
transmitting a signal comprising an output fault signal 

from one or more active ?rst poWer supplies to the con 

troller; 
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12 
transmitting at least one activation signal from the control 

ler to at least one deactivated second poWer supply; 
transitioning the at least one deactivated second poWer 

supply from the deactivated state to the active state. 
5. The method of claim 1, further comprising: 
transmitting a signal comprising an output fault signal 

from one or more active second poWer supplies to the 

controller; 
transmitting at least one activation signal from the control 

ler to at least one deactivated second poWer supply; 
transitioning the at least one deactivated second poWer 

supply from the deactivated state to the active state. 
6. The method of claim 1, further comprising: 
transmitting a signal comprising an output fault signal 

from one or more active ?rst poWer supplies to the con 

troller; 
transmitting at least one activation signal from the control 

ler to at least one deactivated ?rst poWer supply; 
transitioning the at least one deactivated ?rst poWer supply 

from the deactivated state to the active state. 
7. The method of claim 1, further comprising: 
transmitting a load poWer demand signal from the load to 

the controller; 
transmitting one or more activation and deactivation sig 

nals from the controller to at least one ?rst poWer supply 
in response to changes in the load poWer consumption. 

8. A poWer supply method, comprising: 
communicatively coupling a ?rst source to a plurality of 

?rst poWer supplies; 
communicatively coupling a second source to a plurality of 

second poWer supplies; 
communicatively coupling at least one controller to the 

plurality of ?rst poWer supplies and the plurality of 
second poWer supplies; 
Wherein the communicative coupling betWeen each of 

the ?rst poWer supplies forming the plurality of ?rst 
poWer supplies, each of the second poWer supplies 
forming the plurality of second poWer supplies, and 
the at least one controller comprises: 
an input failure signal; 
an output failure signal; 
an activation signal, adapted to transition the poWer 

supply from a deactivated state to an activated state; 
and 

a deactivation signal, adapted to transition the poWer 
supply from an activated state to a deactivated state; 

monitoring, via the controller, for a poWer supply input 
failure signal or a poWer supply output failure signal 
from each of the ?rst poWer supplies forming the plural 
ity of ?rst poWer supplies, and each of the second poWer 
supplies forming the plurality of second poWer supplies; 

responding, via the controller, upon receipt of a poWer 
supply input failure signal from at least one ?rst poWer 
supply, Wherein the response comprises: 
transmitting a poWer supply activation signal to at least 

a portion of the plurality of second poWer supplies; 
and 

transmitting a poWer supply deactivation signal to the 
plurality of ?rst poWer supplies; and 

responding, via the controller, upon receipt of a poWer 
supply output failure signal from at least one ?rst poWer 
supply, Wherein the response comprises: 
transmitting a poWer supply activation signal to at least 

a portion of the plurality of second poWer supplies; 
and 
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transmitting a power supply deactivation signal to the at 
least one ?rst power supply generating the poWer 
supply output failure signal. 

9. The method of claim 8 Wherein each of the ?rst poWer 
supplies forming the plurality of ?rst poWer supplies and each 
of the second poWer supplies forming the plurality of second 
poWer supplies has an activation to deactivation (“run-down”) 
transition time in the event of an input failure; 

Wherein each of the ?rst poWer supplies forming the plu 
rality of ?rst poWer supplies and each of the second 
poWer supplies forming the plurality of second poWer 
supplies has a deactivation to activation (“ramp-up”) 
transition time; and 

Wherein the ramp-up transition time is less than or equal to 
the run-doWn transition time. 

10. The method of claim 8, further comprising: 
communicatively coupling a load to at least a portion of the 

plurality of ?rst poWer supplies; 
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14 
communicatively coupling the load to at least a portion of 

the plurality of second poWer supplies; and 
communicatively coupling the load to the controller, 

Wherein the communicative coupling betWeen the load 
and the at least one controller comprises a signal indica 
tive of the poWer demand of the load. 

11. The method of claim 10, further comprising: 
responding, via the controller, to a change in load poWer 

demand, Wherein the response comprises: 
transmitting a poWer supply activation signal to at least 

a portion of the plurality of ?rst poWer supplies in 
response to an increase in load poWer demand; and 

transmitting a poWer supply deactivation signal to at 
least a portion of the plurality of ?rst poWer supplies 
in response to a decrease in load poWer demand. 


